Key indicators: single-crystal X-ray study; T = 293 K; mean (P-O) = 0.008 Å; R factor = 0.052; wR factor = 0.125; data-to-parameter ratio = 8.4. This paper reports the crystal structure of tetrasodium diiron tris(phosphate), Na 4 Fe 2+ Fe 3+
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Experimental
Crystal data constitutes a good example of primary phosphates which can be used as geothermometer, or to constrain the oxygen fugacity which prevailed in granitic pegmatites (Hatert et al., 2006) . In order to better understand the crystallization conditions of iron-rich alluaudites in pegmatites, we decided to investigate the Na-Fe
2+
-Fe 3+ (+PO 4 ) ternary system by hydrothermal methods (Hatert & Fransolet, 2006) . These experiments produced several new phosphates, which crystallized in the Na-rich part of the system and were investigated by single-crystal X-ray diffraction techniques (Hatert, 2007a,b (PO 4 ) 3 , the hydrothermal synthesis at 500°C and 0.1 GPa produced large pink crystals; their crystal structure is reported herein.
The crystal structure of the title compound has been refined in space group R3c and corresponds to that of centrosymmetric γ-NASICON-type phosphates (Sljukic et al., 1969; Masquelier et al., 2000) . The heteropolyhedral framework is based on the regular alternation, in the three dimensions, of corner-sharing PO 4 tetrahedra (P-O = 1.533-1.538 Å) and FeO 6 octahedra (Fe-O = 2.010-2.130 Å; Fig. 1 ), and shows the stacking, along the c direction, of the so-called 'lantern units' (Masquelier et al., 2000) . The monovalent Na + cations are distributed over two crystallographic sites: the 6-coordinated Na1 site (Na1-O = 2.402 Å) which lies between two 'lantern units', and the 8-coordinated Na2 site (Na2-O = 2.487-2.990 Å) which lies at the same z value as the P atom (Fig. 2 ).
Bond-valence sums were calculated for each ion using the parameters of Brown & Altermatt (1985) . The P1 bond-valence sum is 4.99, and the O-atom bond-valence sums are within the normal acceptable range (1.93-2.10). The bond-valence sums also confirm that the Na1 and Na2 sites are filled by Na (0.98-1.19), and that the Fe1 site contains an equal amount of Fe 2+ and Fe 3+ (2.54).
A comparison with the crystal structure of γ-Na 3 Fe 2 (PO 4 ) 3 (Masquelier et al., 2000) shows that the two phosphates are isostructural. However, the amount of Na in the title compound reaches 4 atoms per formula unit, and is higher than the Na-content of any other known NASICON-type phosphate. This high Na-content is necessary to maintain charge balance, since the Fe1 site is occupied by 50% Fe 2+ and 50% Fe
3+
. Na atoms are located on the same positions as in γ-Na 3 Fe 2 (PO 4 ) 3 , but the two Na1 and Na2 sites are completely filled by Na atoms in the title compound, whereas their occupancy factors are 0.85 (3) (Na1) and 0.72 (3) (Na2) in γ-Na 3 Fe 2 (PO 4 ) 3 (Masquelier et al., 2000) . Masquelier et al. (2000) demonstrated that the size of the Na1 cavity is increased as this site is depopulated, and that this increase has a direct influence on the value of the c unit-cell parameter. This hypothesis is corroborated by our structural data, which show that a full occupancy of the Na1 site in Na Refinement A first refinement in space group R3 converged to a satisfactory model with R 1 = 0.0328, but a check of these structural data with the program ADDSYM (Le Page, 1987) immediately allowed to identify supplementary symmetry elements, thus confirming the space group R3c. All atoms were refined anisotropically, and a preliminary refinement of the site occupancy factors of Na1 and Na2 confirmed that these sites were filled with Na atoms only. In the final refinement cycle, the Na1 and Na2 site occupancy factors were consequently constrained to 1.0. Figures   Fig. 1 (PO 4 ) 3 structure (50% displacement ellipsoids) showing the bonding environments of the Fe and P cations. [Symmetry codes: (i) 2/3 + x -y, 1/3 -y, 1/ 3 -z; (ii) 2/3 -x, 1/3 -x + y, 1/3 -z; (iii) 2/3 + y, 1/3 + x, 1/3 -z; (iv) x, -y -1/3, z; (v) x, x -y, 1/6 -z; (vi) 1/3 + y, 2/3 -x + y, 1/6 -z; (vii) 2/3 -y, 1/3 + x -y, z -1/6; (viii) -y, -x, z; (ix) x + 2/ 3, y + 1/3, 1/3 -z.] supplementary materials sup-3 (PO 4 ) 3 structure. FeO 6 octahedra are shown with light shading, PO 4 tetrahedra with dark shading, Na1 as small circles, and Na2 as large circles.
Tetrasodium diiron tris(phosphate)
Crystal data 35 parameters Extinction coefficient: 0.0027 (6) Primary atom site location: structure-invariant direct methods as those based on F, and R-factors based on ALL data will be even larger. 
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